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I t was t h e r e f o r e of i n t e r e s t to study the metabolism of 6-thioctic a c i d in a l g a e . Chromatographic separation of e x t r a c t s f r o m v a r i o u s photosynthetic o r g a n i s m s have shown s e v e r a l compounds that have the biological activity of 6-thioctic acid. The c r i t e r i o n for biological activity of these compounds w a s the response of propionate-inhibited S. faecalis grown on an a c e t a t ef r e e medium.
Chromatography in a mixTure of butanol-ethanol -water gave the m a j o r biologically active compounds a t R f l s of 0.4, 0.7, and 0.9. The compounds of Rf 0.4 and 0.7 w e r e identified a s 6-thioctic sulfoxide and 6thioctic acid, respectively. The m o r e lipid-soluble compound with Rf 0.9 w a s not identified. In o r d e r to t r y to identify this and to find other f o r m s of thioctic which m i g t not be active in the b a c t e r i a l growth r e s p o n s e t e s t , the metabolic fate of labeled thioctic a c i d w a s investigated.
Since the natural concentration of 6-thioctic in Scenedesmus i s only a t the m o s t 5 y of 6-thioctic/l q8 wet ~~~-1 a b e l e d 6-thioctic a c i d with a n activity of -0 mc/hmole was used for the experiments. Scenedesmus w a s fed with S 3 c 6 -t h i o c t i c a t a cqncentration of 0.5 m g s~~ 6 -t h i o c t i c / l g of wet cells under conditions described i n the experimental p a r t . The 6-thioctic acid was rapidly taken up, and the distribution of the 6-thioctic a c i d between algae and medium changed with t i m e a s follows: After 1 min, 1670 i n the c e l l s ; 10 min, 25%; 30 min, 42%; and 1 hour, 4 7 7 0~ After one h o u r ' s incubation with S35 6-thioctic, c e l l s w e r e e x t r a c t e d with ethanol a n d w a t e r and chromatographed on paper i n one dimension i n a solvent s y s t e m of butanol s a t u r a t e d with 0.5 N ammonia. Five radioactive compounds w e r e o b s e r v e d i n t h i s solvent system-at the Rf values 0.98, 0.51, 0.33, 0.17, 0.1. The m a j o r i t y of activity was observed a t Rf 0.98, 0.51, a n d 0.16. The l a t t e r two s p o t s w e r e identified a s 6-thioctic acid and 6-thioctic sulfoxide by cochromatography with authentic s a m p l e s . In a butanol-ethanol-water solvent sys tem (80 : 20 : s a t u r a t i o n ) i n which the 6-thioctic acid and i t s sulfoxide r a n close to the solvent front, at l e a s t seven radioactive compounds with Rf values between 0 and 0.5 w e r e p r e s e n t . Two-dimensional chromatography (phenol-water; butanol-propionic a c i d ) gave 9570 of the radioactivity on the front of the c h r o m a t o g r a m w h e r e the 6-thioctic acid, the 6-thioctic sulfoxide, and the m o r e lipid-soluble cornpounds r a n together. T h r e e p e r c e n t of the activity w a s a t Rf 0 Because of the previously mentioned relationship between 6-thioctic and photosynthesis, and i n o r d e r to s e e where the different f o r m s of the 6-thioctic a c i d a l e located in the c e l l s , the cells w e r e fractionated. After t h r e e a n d four h o u r s s contact of Chlorella* with ~~~-1 a b e l e d 6-thioctic a c i d the a l g a e w e r e centrifuged, washed with w a t e r , resuspended i n phosphate buffer, and ruptured by t;eatment i n a 9-kc oscillator. P l a s t i d m a t e r i a l containing chlorophyll was isolated by ultracentrifugation a t 100,000 x G f o r 20 m i n . T h i s plastid m a t e r i a l was then extracted with hot 9570 ethanol and the e x t r a c t >k It i s difficult to obtain good plastid p r e p a r a t i o n s f r o m Scenedesmus, but the total thioctic a c i d distribution i n the two o r g a n i s m s i s v e r y s i m i l a r . The s a m e r e s u l t was obtained with a pig p a n c r e a s lipase p r e p a r a t i o n . ff It should be merationed that in a n experiment where the t e m p e r a t u r e during the hydrolysis of the 6-"tioctic acid lipid -with 4 N HCl was lower ( s t r e a m bath) a radioactive spot appeared on the c h r o m a t o g r a m in butanol-0.5 N a m m o n i a which had an Rf higher than 6-thioctic a c i d but lower than the 6-txioctic a c i d lipid. This spot could not be seen a f t e r m o r e vigorous hydrolysis. A possible explanation m a y be that if the 6-thioctic acid i s e s t e r i f i e d with glycerol, under milder conditions the e s t e r i s only p a r t l y hydrolyzed to a d i -o r m o n oglyceride, and one would expect such a compound to have a n Rf between 6-thioctic acid and 6-thioctic lipid.
On regular paper chromatograms, the 6-thioctic a c i d lipid always r u n s with the solvent front together with the chlorophyll and the o t h e r plant pigments. On paper impregnated with ~u i l o n l 2 as,d with absolute methanol a s the s o l v e ?~t , the 6-thioctic acid lipid s e p a r a t e d into two spots with Rf values 0.7 a n d 0.8, a n d some radioactivity was spread out on the front of the c h r o m a t o g r a m . T h e r e was no difinite separation of the 6-thioctic acid lipid f r o m the chlorophyll.
Experiments w e r e therefore undertake.-to s e p a r a t e the 6-thioctic a c i d lipid from the pigments. On a n A12Q3 column with petroleum e t h e r , p e t r o l e u m e t h e r -b 3'3'0 benzene, and petroleum e t h e r i 3'3'0 absolute ethanol a s e l u e n t s , no separation of the radioactivity f r o m the chlorophyll band could be obtained. Since i t could not be seen c l e a r l y f r o m the separation on Quilon p a p e r how m a n y coumpounds a r e i n the lipid fraction, the purified 6-thioctic a c i d lipid (chromatographed on powdered s u g a r ) w a s distributed in a twenty-five-stage countercurrent apparatus between 95% methanol and n-hexane. The d i s t r ibution curve i s shown in Fig. 2 . Two compounds s e e m to be p r e s e n t i n the lipid fraction. The tubes 0-6 and 16-24 w e r e combined into two pools, con- The r e s t of the activity s t a y s on top of the column and i s probably polymerized product.
Table IX
Liquid chromatogram of the 6-thioctic a c i d lipid on powdered s u g a r ; 70 d i s t ibution of the initial radioactivity, The chromatogram w a s developed f i r s t with benzene/ligroin (bp 650-1 1 0~) 1 :8 and then with benzene/ligroin 1: 1 , It can be seen from Table 1 Thioctic a c i d was a l s o precipitated with the p r o t e i n s when the 6-thioctic w a s added to the soluble p r o t e i n s of Chlorella, which a r e then precipitated b y adding ammonium sulfate.
